Nutrient utilisation and growth performance responses of White Pekin ducks (Anas platyrinchos domesticus) offered diets containing lowor high-viscosity wheat supplemented with xylanase were investigated in two studies. In Expt 1, six diets consisting of low-viscosity wheat or high-viscosity wheat supplemented with 0·0, 1·5 or 3·0 g xylanase (2590 units/g)/kg diet were used in a true metabolisable energy (TME) bioassay with eight 8-week-old ducks per diet group. In Expt 2, eight pens of ten 3-d-old ducks per pen for each of six wheatbased diets arranged in a 2 £ 3 factorial of low-viscosity or high-viscosity wheat and 0·0, 1·5 or 3·0 g xylanase/kg were used in a 42 d growth study. High-viscosity wheat depressed (P, 0·001) TME and xylanase supplementation improved (P,0·001) TME, more so for high-viscosity than low-viscosity wheat. Xylanase supplementation of the high-viscosity wheat-based diet improved (P, 0·05) weight gain and gain:feed ratio by 13 and 12 % respectively. There was no weight gain or gain:feed ratio response to xylanase supplementation of the low-viscosity wheat-based diet. Xylanase supplementation reduced (P, 0·001) the viscosity of duodenal and ileal digesta for highviscosity but not low-viscosity wheat-based diets. Ileal digestibilities of nutrients and energy were higher (P, 0·001) for low-viscosity than high-viscosity wheat-based diets; xylanase supplementation improved (P, 0·05) energy, fat, N and starch digestibilities. Given that xylanase supplementation of high-viscosity wheat assuaged its anti-nutritional effect, it is surmised that digesta viscosity plays a role in antinutritional effects in wheat-based diets for ducks.
The preponderance of literature indicates that NSP at high levels in grains reduces nutrient utilisation and growth performance in broiler chicks (Bedford & Classen, 1992; Choct et al. 1996; Carre et al. 2002) . Addition of enzymes to diets based on these grains has been shown to reduce the anti-nutritional effects when these diets are fed to broiler chicks (Annison, 1992; Bedford & Classen, 1992) . The major pentosan in the endosperm cell wall of wheat is arabinoxylan, and consists of a (1-4)-b-xylan chain with a-arabinose units substituted at the 2 and 3 positions of the xylose, and exhibits a considerable variation in molecular mass and in xylose:arabinose ratio (Fincher & Stone, 1986) . It is well documented in broiler chickens that water-soluble pentosans native to grains such as rye and wheat, or their addition to maize-based diets not only increase viscosity, but also reduce growth performance (Bedford & Classen, 1992) and digestion of energy, starch and fat (Langhout et al. 2000) . Furthermore, studies by Friesen et al. (1992) established that the performance of broiler chickens fed wheat-based diets was linearly related to the logarithm of intestinal viscosity. A fundamental question of nutritional importance is whether the viscosity of wheat in diets offered to ducks affects growth performance and whether xylanase supplementation of such diets for ducks improves growth performance via a reduction in intestinal digesta viscosity and improvement in nutrient utilisation. Supplementation of rye-based (Bedford & Classen, 1992) or wheat-based (Brenes et al. 1993 ) diets with xylanase improved growth performance by a reduction in ileal digesta viscosity and through a reduction in gastrointestinal tract weight of broiler chickens respectively. Some differences exist between chickens and ducks with respect to digestive physiology. Unlike chickens, ducks have a spindle-shaped widening of the oesophagus and fusiform proventriculus, which may promote a quicker transit rate of ingesta. The enlarged diverticulum of the oesophagus in the duck lacks definite musculature for the control of feed passage (entry into and exit from); thus, there is no true crop in the duck. The pseudo-crop in the duck serves as a temporary storage organ for lubrication †Journal paper no. 17248 of the Purdue University Agricultural Research Program. and softening of feed. The water:food intake ratios are 4·2:1·0 and 2·3:1·0 for ducks and chickens respectively (Scott & Dean, 1991) . Greater water intake would result in greater digesta water content and this could translate into reduced digesta viscosity. Therefore, the negative impact of high-viscosity feed ingredients on growth performance may not be as severe in ducks as in chickens.
To date there have not been any studies addressing whether any growth performance improvement from exogenous xylanase supplementation of wheat-based diets for ducks derives from intestinal digesta viscosity-related changes in nutrient utilisation. The present study investigated the intestinal digesta viscosity, nutrient utilisation and growth performance of White Pekin ducks (Anas platyrinchos domesticus) offered diets containing wheat of low or high viscosity supplemented with xylanase at 0·0, 1·5 or 3·0 g/kg. Thus, we tested the hypotheses that: (1) increases in the viscosity of wheat in diets offered to ducks depress growth performance; (2) xylanase supplementation of such diets for ducks reduces intestinal digesta viscosity and improves nutrient utilisation and growth performance.
Materials and methods

Xylanase and animals
The xylanase preparation was derived from Trichoderma longibrachiatum; the preparation contained 2590 units/g (1 unit is eqivalent to 1 mmol reducing sugar released/ min per g enzyme preparation at 408C, pH 4·8) and had b-glucanase activity, albeit very low. This preparation is one of the enzymes in Avizyme w 1500 series and was obtained from Finnfeeds International Ltd (Marlborough, Wilts., UK). The animals used in the present study were White Pekin ducks. The viscosities of low-and high-viscosity wheat (Triticum aestivum var. genesis, grown in Saskatoon, Sask., Canada, and shipped to Purdue University) were measured as 5·86 and 45·68 mPa·s. Details of wheat analysis and screening that lead to the selection of these low-viscosity and high-viscosity wheat types have been described by Scott et al. (1998) . The chemical analyses of wheat and soyabean meal used in the studies are presented in Table 1 .
True metabolisable energy bioassay
Fifty-six 8-week-old White Pekin male ducks with average body weight 3·8 kg were sorted according to initial weight and assigned to six dietary treatment groups and one feeddeprived group such that average weights across the seven groups were similar (eight ducks per group). The ducks were randomly assigned to individual cages (0·66 £ 0·66 m) and housed in an environmentally controlled room, where a temperature of 258C was maintained. Fluorescent bulbs provided continuous (24 h) lighting. The eight ducks assigned to the feed-deprived group were fed dextrose for the estimation of endogenous losses of energy and N (Sibbald, 1979; McNab & Blair, 1988) . The six experimental diets consisted of low-viscosity or high-viscosity wheat supplemented with 0·0, 1·5 or 3·0 g/kg diet in a 2 £ 3 factorial arrangement.
Approximately 3 d before the start of the experiment, each duck was surgically fitted with modified plastic retainer lids from a Playtexe nurser bottle set (Playtex Products, Dover, DE, USA) as described by Adeola et al. (1997) . Briefly, the ducks were restrained in a Plexiglass box and feathers around the vent were removed. Lidocaine hydrochloride (20 ml/l; 4 ml) was injected around the vent to desensitise the area (1 ml in each of four regions). A continuous suture was applied to secure the retainer ring to the skin. The plastic bottle of the nurser set was measured and cut to a length of 30 mm below the threads on the bottle and Whirl-Pak bags (Nasco, Fort Atkinson, WI, USA) inserted into the bore of the bottle, so that the edges of the bags hung over the threads of the bottle. During excreta collection, the bottle and Whirl-Pak bag were then screwed onto the modified retainer ring attached to the duck. The feeding method and assay to determine true metabolisable energy corrected for N (TMEn) used in the present experiment followed standard techniques devised by Sibbald (1976) and the modifications suggested by McNab & Blair (1988) . Protocols for feeding and excreta collection were published in Table 1 of King et al. (2000) . All procedures were approved by the Purdue University Animal Care and Use Committee.
Growth performance
Male White Pekin ducks (n 480, 1-d-old) were wingbanded and housed in pens (1·05 £ 3·66 m) containing ten All the wing-banded ducks (n 480) were weighed individually on day 3 and assigned to six groups so that the average initial weights of ducks were similar across dietary treatments with ten ducks per pen and eight pens per diet. The ducks were fed starter diets (220 g crude protein (N £ 6·25)/kg) for 2 weeks. The ingredient composition of the basal diets is presented in Table 2 . The six diets were arranged in a 2 £ 3 factorial of low-viscosity or high-viscosity wheat and 0·0, 1·5, or 3·0 g xylanase/kg. All diets were fed in mash form throughout the experiment. At the end of 2 weeks, ducks were switched to and maintained on grower diets (160 g crude protein (N £ 6·25)/kg) for 4 weeks, and remained on xylanase treatments (0·0, 1·5 or 3·0 g/kg) for the 42 d study. Body weight and feed intake were monitored weekly with pen as the experimental unit.
Digesta viscosity and nutrient utilisation
At the end of the 42 d growth performance study, ducks were maintained on their respective diets, which were mixed with 3 g Cr 2 O 3 /kg. After 5 d, the ducks were killed with CO 2 . The total intestinal contents were collected from the duodenum and ileum (from the Meckel's diverticulum to the ileo-caecal junction). Samples from six ducks within a pen were pooled for the analysis of Cr, N, starch, fat and energy. Samples were analysed for viscosity immediately following collection (Bedford & Classen, 1992) . All the remaining digesta were frozen immediately after collection.
Chemical analysis
The pooled and homogenised samples for viscosity measurement were centrifuged at 15 000 g for 15 min at 208C. Viscosity was determined on a 0·5 ml supernatant fraction using a Brookfield viscometer (model LVT-DVCP-II; Brookfield Engineering Laboratories, Stoughton, MA, USA) maintained at 258C and a shear rate of 5·0 -22·5 s 21 . The measurement of pH value was carried out using a one-pin electrode. All the measurements were made within 12 min of death. The frozen excreta and ileal digesta samples were thawed, transferred to Al pans and placed in a 508C oven for 120 h. After drying, all samples were ground through a 0·5 mm screen to facilitate analysis. DM contents of the diets, excreta and ileum samples were determined by oven-drying at 1058C for 24 h. Cr was analysed as described by Czarnocki et al. (1961) . N content of samples was determined by the combustion method, using an LECO Model FP 2000 combustion analyser (LECO Corp., St Joseph, MI, USA). Energy content of the samples was determined by bomb calorimetry using Parr 1261 adiabatic calorimeter (Parr Instrument Co., Moline, IL, USA). Starch and fat were determined by the University of Missouri Chemistry Laboratory (Association of Official Analytical Chemists, 1995). 
Calculations and statistical analyses
The following equations were used for calculation of nutrient and energy digestibilities and retentions: digestibility ð%Þ ¼ 100 2 ð100 £ ðdiet Cr 2 O 3 =ileal digesta Cr 2 O 3 Þ £ ðileal digesta nutrient or energy =diet nutrient or energyÞÞ; TME ¼ ðEI 2 EOÞ=FI þ ðFEL=FIÞ; TMEn ¼ TME 2 ð34·39 £ ANR=FIÞ 2 ð34·39 £ FNL=FIÞ and
where TME is true metabolisable energy (kJ), EI is gross energy intake (kJ), EO is the gross energy output (kJ), FI is feed intake (g), ANR is apparent N retention (N intake -N output) (g), FEL is fasting energy loss from the group of feed-deprived ducks that received dextrose and FNL is fasting N loss (g), 34·39 kJ is the energy equivalent per g uric acid N, NI is N intake (g) and NO is N output in the excreta (g). All experimental data were analysed as a two-factor factorial arrangement of treatments in a randomised complete block design with initial weight as blocking factor, and performed using the GLM procedure of SAS release 8·2 (Statistical Analysis Systems, Cary, NC, USA). Means within the two wheat types were separated using linear and quadratic contrasts.
Results
The results of N and energy utilisation for ducks in the TMEn study are presented in Table 3 . The effects of wheat type and xylanase supplementation were both significant (P, 0·001) for the apparent DM retention of ducks. Xylanase effects on DM retention were more pronounced with high-viscosity than low-viscosity wheat as seen in the interaction (P, 0·001) between xylanase and wheat type. Xylanase supplementation of the high-viscosity wheat-based diet resulted in a linear improvement (P, 0·05) in apparent N retention; however, no detectable effects on apparent N retention were observed when xylanase was added to low-viscosity wheat-based diet. The TMEn values of six diets were less than corresponding TME values, because the ducks used in the present study were in positive N balance. High-viscosity wheat depressed (P, 0·001) both TME and TMEn (Table 3) . Xylanase supplementation improved (P, 0·001) both TME and TMEn, more so for high-viscosity wheat as indicated by a significant interaction (P, 0·001).
During the starter phase of the experiment (days 0 -14), weight gain and gain:feed ratio of ducks offered low-viscosity wheat were greater (P, 0·001) than those offered high-viscosity wheat-based diets; xylanase supplementation had no effects on weight gain and gain:feed ratio (Table 4) . During the grower phase (days 14-42), xylanase supplementation of diets linearly improved (P, 0·001) weight gains and feed efficiencies for ducks offered diets containing high-viscosity wheat, but this was not the case for low-viscosity wheat-based diets. For the 6-week study, the high-viscosity wheat-induced depression in weight gain and gain:feed ratio were attenuated (P, 0·001) by xylanase supplementation (Table 4) .
The viscosity of duodenal and ileal digesta in ducks that received the high-viscosity wheat-based diet was greater (P, 0·01) than those that received low-viscosity wheatbased diet (Table 5) . Xylanase supplementation decreased (P, 0·001) the viscosity of duodenal and ileal digesta in ducks that received the high-viscosity wheat-based diet, but not in ducks that received the low-viscosity wheatbased diet. Neither wheat type nor xylanase supplementation had an effect (P. 0·05) on the pH of duodenal digesta; however, ileal digesta pH was reduced (P, 0·01) for the high-viscosity compared with low-viscosity Tables 1 and 2 and pp. 88-89. ‡ Xylanase preparation was derived from Trichoderma longibrachiatum and determined to contain 2590 units/g (1 unit ¼ 1 mmol reducing sugar released/min per g enzyme preparation at 408C, pH 4·8). § Number of ducks for each dietary treatment. k Linear response to enzyme supplementation for high-viscosity wheat at P, 0·001. { Quadratic response to enzyme supplementation for high-viscosity wheat at P, 0·01.
† † Linear response to enzyme supplementation for high-viscosity wheat at P, 0·05. § § Linear response to enzyme supplementation for low-viscosity wheat at P, 0·05. kk Quadratic response to enzyme supplementation for high-viscosity wheat at P, 0·001. {{ Linear response to enzyme supplementation for low-viscosity wheat at P, 0·001.
wheat-based diet. Supplementation of the high-viscosity wheat-based diet with xylanase increased (P, 0·01) ileal digesta pH, but this effect was not seen with low-viscosity wheat-based diet. Xylanase supplementation was observed to improve (P, 0·05) starch, fat and energy digestibility regardless of wheat type (Table 6 ). Ileal digestibilities of nutrients and energy were greater (P, 0·001) for ducks offered diets containing low-viscosity than high-viscosity wheat-based diets. The wheat £ xylanase interaction was significant only for starch digestibility (P, 0·01) and the effect of xylanase was more pronounced for ducks offered the high-viscosity wheat-based diet.
Discussion
One of the main questions addressed in the present study was whether a high-viscosity wheat-based diet affects growth performance of ducks. Indeed, the present results suggest that feeding the high-viscosity wheat-based diets depressed 6-week weight gain and gain:feed ratio by 15 and 14 % respectively. To identify the underlying factors that govern this observation, we measured the viscosities and pH of duodenal and ileal digesta collected from these ducks, and determined digestibilities of energy and nutrients. Feeding the high-viscosity wheat-based diet Tables 1 and 2 and pp. 88-89. ‡ Xylanase preparation was derived from Trichoderma longibrachiatum and determined to contain 2590 units/g (1 unit ¼ 1 mmol reducing sugar released/min per g enzyme preparation at 408C, pH 4·8). § Number of replicate pens of ten ducks per pen. k Linear response to enzyme supplementation for high-viscosity wheat at P, 0·001. { Quadratic response to enzyme supplementation for high-viscosity wheat at P, 0·001. † † Quadratic response to enzyme supplementation for high-viscosity wheat at P, 0·05. Tables 1 and 2 and pp. 88-89. ‡ Xylanase preparation was derived from Trichoderma longibrachiatum and determined to contain 2590 units/g (1 unit ¼ 1 mmol reducing sugar released/min per g enzyme preparation at 408C, pH 4·8). § Number of samples for each dietary treatment (each sample pooled from six ducks within a pen). k Linear response to enzyme supplementation for high-viscosity wheat at P, 0·001. { Quadratic response to enzyme supplementation for high-viscosity wheat at P, 0·01. † † Quadratic response to enzyme supplementation for high-viscosity wheat at P, 0·001.
increased the viscosities of the duodenal and ileal digesta by 45 and 56 % respectively. This was accompanied by significant reductions in the ileal digestibilities of fat, starch, N and energy. Furthermore, the TMEn of high-viscosity wheat was significantly lower than that of low-viscosity wheat. Another objective of the present study was to investigate whether the addition of xylanase would ameliorate these effects through a reduction in viscosity of the digesta. When compared with the control group, ducks offered the diets containing high-viscosity wheat that was supplemented with xylanase at 3·0 g/kg had 13 and 12 % improvements in weight gain and gain:feed ratio respectively. Moreover, the effect of enzyme addition was more pronounced for ducks fed high-viscosity wheat, and suggested a significant interaction of wheat type £ xylanase. In general, the greatest digestibilities of nutrients and energy were found for ducks fed low-viscosity wheat with enzyme addition at 3·0 g/kg diet and least for those fed high-viscosity wheat without enzyme supplementation.
Ducks fed high-viscosity wheat had greater duodenal and ileal viscosity values than those fed low-viscosity wheat, an observation that is in agreement with the studies on chickens by Choct & Annison (1992) . Due to a lack of the appropriate endogenous enzymes, water-soluble pentosans in wheat are assumed to be essentially indigestible in the upper intestinal tract of poultry and are included as part of the crude fibre fraction. These water-soluble pentosans have a remarkable capacity to attract and hold water and could directly interact with water molecules to form a large network or mesh-like structure, thereby increasing the viscosity of digesta (Bedford & Classen, 1992) . By applying an exponential equation, Dusel et al. (1998) found an excellent correlation between concentrations of water-soluble pentosans and extract viscosity. The reduction in growth performance of ducks that received the high-viscosity wheat-based diet in the present study was at least partly due to digesta viscosity. The viscous properties have adverse effects on the diffusion and convective transport of pancreatic enzymes, substrates and the endproducts of the digestion process (Isaksson et al. 1982) . There is evidence that gut exposure to water-soluble pentosans can increase the thickness of mucus layer and amplify the resistance for nutrient transport through the unstirred water layer. In addition, these pentosans can promote the proliferation rate of enterocytes and change the normal morphology of villi and microvilli in chickens (Johnson & Gee, 1986) . Caution must be exercised in extrapolating the cited observation to ducks due to the fact that water intake is higher than in chickens. The water: food intake ratios are 4·2:1·0 and 2·3:1·0 for ducks and chickens respectively (Scott & Dean, 1991) . Greater water intake would result in greater digesta water content, and this could result in reduced digesta viscosity. Therefore, the negative impact of high-viscosity feed ingredients on growth performance may not be as severe in ducks as in chickens.
Anti-nutritional effects of water-soluble pentosans are known to reduce the nutritional value of wheat, triticale and rye; improvement of nutritional value through enzyme supplementation of diets that are based on these grains when fed to poultry is well documented (Annison, 1992; Bedford & Classen, 1992) . Addition of exogenous xylanase has been shown to hydrolyse the high molecular mass sub-fraction of arabinoxylan and decrease the formation of viscous solution in the digestive tracts of broiler chickens (Bedford & Classen, 1992) . The study of Steenfeldt et al. (1998) showed that xylanase has more specific activity towards cleaving bonds in the xylan backbone, especially the endosperm cell walls in wheat. As a result of the hydrolysis of polysaccharides by enzyme, the remaining polysaccharides are stripped of their capacity to produce highly viscous intestinal digesta. In the present study, we observed that supplementation of diets with xylanase reduced the viscosity of duodenal and ileal digesta in ducks fed high-viscosity wheat; this is consistent with earlier studies for broiler chickens fed wheatbased (Annison, 1992) or rye-based (Bedford & Classen, 1992 ) diets. Tables 1 and 2 and pp. 88-89. ‡ Xylanase preparation was derived from Trichoderma longibrachiatum and determined to contain 2590 units/g (1 unit ¼ 1 mmol reducing sugar released/min per g enzyme preparation at 408C, pH 4·8). § Number of samples for each dietary treatment (each sample pooled from six ducks within a pen). k Quadratic response to enzyme supplementation for high-viscosity wheat at P, 0·001. { Linear response to enzyme supplementation for low-viscosity wheat at P, 0·001.
† † Linear response to enzyme supplementation for high-viscosity wheat at P, 0·001. ‡ ‡ Quadratic response to enzyme supplementation for low-viscosity wheat at P, 0·05. § § Linear response to enzyme supplementation for low-viscosity wheat at P, 0·05.
Ducks offered the high-viscosity wheat-based diet with added xylanase had improved weight gain and gain:feed ratios in the grower phase, but not in the starter phase. Earlier studies with broiler chickens reported similar findings (Dusel et al. 1998) . Moreover, the study of Veldman & Vahl (1994) demonstrated that there is an age effect on viscosity in chickens, which implies that xylanase supplementation would be most effective when intestinal digesta viscosity is highest (the grower phase), which coincides with higher dietary wheat levels. Enzyme supplementation not only significantly improved nutrient utilisation, but also reduced the overall variability in nutrient digestibility and led to a more consistent and uniform performance of ducks in the present study. The addition of exogenous enzyme to chicken diets was reported to increase feed passage rate and reduce digestive tract size and pancreas (Pettersson & Aman, 1989) . The latter effect was presumably the result of an adaptation to increased nutrient digestibility. The study of Brenes et al. (1993) showed that enzyme addition to wheat-or barleybased diets increased the feed consumption of broiler chickens. However, in the present study, the feed intake of ducks was not affected by the addition of enzyme to diets during the 6-week period.
Studies, mainly in broiler chickens, that have investigated mechanisms by which exogenous enzymes enhance nutrient digestion and utilisation in wheat and other ingredients suggest that growth performance response to enzyme supplementation is not always associated with digesta viscosity (Annison et al. 1995; Hew et al. 1998) ; thus, characteristics other than viscosity were also responsible for the observed improvements. The slower rate of feed passage and presence of significant amounts of undigested materials likely encourages proliferation of microflora in the small intestine. By fermenting and utilising carbohydrate and protein, the microflora compete with the host for nutrients and this may contribute, at least in part, to the adverse effect of wheat pentosans (Choct et al. 1996) . More recent work, in which germ-free and conventional birds were fed highly viscous diets, established that the negative effects of viscosity were virtually absent in germ-free birds (Langout et al. 2000 ; JB Schutte and DJ Langhout, unpublished results). The study of Bedford & Apajalahti (2001) demonstrated that in birds fed a reasonable quality wheat-based diet, the addition of a xylanase-based enzyme resulted in a 60 % reduction in microbial numbers. The significantly higher ileal pH values in the present study may be a consequence of decreasing microbial colonisation, thereby reducing volatile fatty acids in the ileum of ducks that received xylanase-supplemented diets. Indeed, Langhout et al. (2000) showed in broiler chickens that the addition of viscosityproducing citrus pectin was associated with an increase in both microbial counts and lactic acid concentration, as well as a decrease in pH of ileal digesta.
Intestinal digestion and absorption of lipids depends on adequate secretion of bile salts, which are essential for emulsification of fats and activation of lipase (Dänickle et al. 2000) . Studies by Jaroni et al. (1999) showed that NSP could increase the average retention time of chyme in the gastrointestinal tract and could provide relatively more substrate for utilisation by microbes. An increased bacterial activity could increase the deconjugation of bile acids, resulting in an impairment of entero-hepatic recirculation bile acids. As a result, poor digestion of fat may occur due to the reduced concentration of bile salts in the digesta. With xylanase supplementation of diets, microbial deconjugation of bile salts is presumably restricted: this may account for the improvement of ileal digestibility of fat seen in the present study. We are at a loss to explain the observed tendency of a reduction in apparent N retention when xylanase was added to the low-viscosity wheat; however, two ducks in each of the treatments with added xylanase at 1·5 or 3·0 g/kg had considerably high excreta N output and thus low (, 30 %) N digestibility.
Wheat starch generally comprises slowly digested starch and resistant starch. Enzyme supplementation of diets could disrupt endosperm cell-wall integrity and break down the viscous NSP, allowing amylase access to starch and thus improving the digestibility of starch. In experiments with a xylanase-supplemented barley-based diet in broiler chickens, Ankrah et al. (1999) reported a considerable reduction in ileal digesta viscosity and an improvement in starch digestibility. With a wheat-based diet, reduction in viscosity and an increase in starch digestibility were moderate (Marron et al. 2001) . The ileal digestibility of the starch in a wheat-based diet was improved from 88 to 96 % in broiler chickens by enzyme supplementation (Annison 1992) ; this is in agreement with the increase from 85 to 94 % for ducks in the present study. The study of Dusel et al. (1998) demonstrated that xylanase supplementation tended to improve the N-corrected metabolisable energy. There are significant linear correlations between metabolisable energy values and both the coefficients of starch digestibility and the contents of digestible starch in vivo for broiler chickens (Wiseman et al. 2000) . Therefore, the improvement in TME in the present study was probably due to increases in fat and starch digestibilities.
In summary, the present results indicate that the reduction in growth performance of ducks fed high-viscosity wheat is related to an increase in viscosity of duodenal and ileal digesta and a subsequent decrease in utilisation of nutrients. As such, viscosity may be a credible quality response criterion for estimation of the nutritive value of wheat for ducks. Further, supplementation of the high-viscosity wheat-based diet with xylanase mitigated the growth performance reduction with accompanying decreases in duodenal and ileal digesta viscosities and a subsequent increase in nutrient utilisation. We believe this to be the first confirmation of exogenous dietary xylanase amelioration of viscosity-induced anti-nutritional effects in wheat-based diets for ducks.
